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(54) Electrically operated brake Including two electric motors connected to a planetary gear 
device, and braking system including such brake or brakes 



(57) Electrically operated braking brake for braking 
a moving body with a friction force, including a friction 
member (34) for braking the moving body, two electric 
motors (20,22:170,172). a planetary gear device 
(40.174) having a sun gear (44). at least one planetary 
gear (46) meshing with the sun gear (44). a carrier (48) 
rotatably supporting the planetary gear (46). and a ring 
gear (50) meshing with the planetary gear (46). the two 
electric motors (20,22:170,172) being connected to 



respective two members selected from among three 
members consisting of the sun gear (44). the carrier 
(48) and the ring gear (50), an output shaft (54) con- 
nected to and rotated by one of the three members 
other than the above-indicated two members, and a fric- 
tion member driving device (42.43.56) operable by rota- 
tion of the output shaft (54), to move the friction member 
(34). 



CM 

< 

iO 
CO 

CD 

a> 

o 

UJ 



-NfSDOClD- <EP„..09t6867A2..L> 




40 68 



-33b FIG. 3 



Pnnied by (UK) 



srevailable Copy 



1 EP0916867A2 



Description 

[0001] This application is based on Japanese Patent 
Application No. 9-313564 filed November 14. 1997. the 
content of which is incorporated hereinto iDy reference, s 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 

[0002] The present invention relates to an electrically 
operated brake including electric motors as a drive 
source for braking a moving body with a friction force, 
and an electrically operated braking system equipped 
with such an electrically operated brake. is 

Discussion of the Related Art 

[0003] Published International Application 

WO96/03301 discloses one known example of an elec- 20 
trically operated brake using an electric motor. This 
electrically operated brake comprises (a) a friction 
member for braking a moving body, (b) an electric 
motor, (c) a planetary gear device including a sun gear, 
planetary gears meshing with the sun gear, a carrier 25 
rotatably supporting the planetary gears, ard an inter- 
nal or ring gear meshing with the planetary gears, and 
wherein the ring gear is a stationary member while the 
electric motor is connected to the sun gear, (d) an out- 
put shaft connected to and rotated with the carrier, and 3o 
(e) a friction member driving device connected to the 
output shaft, for moving the friction member by rotation 
of the output shaft. 

[0004] In this known electrically operated brake, the 
drive torque of the electric motor is boosted by the plan- 35 
etary gear device, and the boosted drive torque is trans- 
fered to the output shaft, so that the output shaft is 
capable of producing a braking torque which is larger 
than the drive torque produced by the electric motor 
[0005] However, the known electrically operated brake 4o 
suffers from a problem of difficulty in constructing the 
brake so as to permit the output shaft to increase its 
braking torque. Described in detail, the braking torque 
to be produced by the output shaft can be increased by 
increasing the drive torque of the electric motor. In this 45 
case, the electric motor should have a large capacity 
and tends to have an undesirably large size(large diam- 
eter, in particular). Alternatively, the braking torque of 
the output shaft can be increased by increasing the 
speed reduction ratio of the planetary gear device. In so 
this case, the rotating speed of the output shaft tends to 
be undesirably low. The known brake suffers from 
another problem that the output shaft becomes inopera- 
ble in the event of some failure of the electric motor, 
leading to an unsatisfactory level of fail-safe reliability of ss 
the brake. 



SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to at least ameliorate and preferably solve at least one 
of the above-indicated problems encountered in the 
prior art. 

[0007] The above object may be achieved according 
to any one of the following modes of the present inven- 
tion, each of which is nunrd^ered like the appended 
claims and depends from the other mode or modes, as 
needed, so as to indicate possible combinations of ele- 
ments or features in preferred forms of the present 
invention. 

(1) An electrically operated braking brake for brak- 
ing a moving body with a friction force, comprising: 
a friction member for braking the moving body; two 
electric motors; a planetary gear device including a 
sun gear, at least one planetary gear meshing with 
the sun gear, a carrier rotatabty supporting the at 
least one planetary gear, and a ring gear meshing 
with the at least one planetary gear, the two electric 
motors being connected to respective two mem- 
bers selected from among three members consist- 
ing of the sun gear, the carrier and the ring gear; an 
output shaft connected to and rotated by one of the 
three members other than the above-indicated two 
members; and a friction menft>er driving device 
operable by rotation of the output shaft, to move the 
friction member. 

in the electrically operated brake of the present 
invention constructed as described above, the two 
electric motors are used, and these two electric 
motors are operatively connected to the output 
shaft by the the planetary gear device. Described 
more specifically, the two electric motors are con- 
nected to two members selected from among the 
sun gear, ring gear and carrier of the planetary gear 
device, while the output shaft is connected to one of 
the sun gear, ring gear and carrier which is other 
than the atx>ve-lndicated two members. The plane- 
tary gear device is operated by the two electric 
motors, to drive the output shaft, so that the torque 
of the output shaft can be comparatively easily 
increased, without having to increase the size of 
each electric motor and without suffering from 
reduction of the operating speed of the output shaft. 

In the present electrically operated brake, the 
two electric motors are connected to the selected 
two rotary elements of the planetary gear device, so 
that the output shaft can be driven as long as at 
least one of the two electric motors is normally 
operable. Thus, the present brake has an improved 
level of fail-safe reliability regarding the failure or 
defect of the electric motors. 

The "moving body" to be braked by the present 
electrically operated brake may be any vehicle such 
as an automotive vehicle, a motor bicycle, and an 
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airplane, which is moved on a stationary surface 
such as a roadway, rails, or a runway The moving 
body may be any other body which is moved along 
a curved, straight or any other path, on a stationary 
surface of equipment, such as a guiding surface or 5 
a railway on a machine tool. 

The present electrically operated brake may be 
provided either on the moving body or on the side of 
the stationary surface. 

(2) An electrically operated brake according to the 10 
above mcxle (1). wherein both of the two electric 
motors are. ultrasonic jnotors. 

A ultrasonic motor is characterized in that Its 
detect torque is larger than its maximum drive 
torque. In the electrically operated brake according 15 
to the above mode (2), therefore, the output shaft 
may be given a large braking torque by holding at 
least one of the two ultrasonic motors. 

The ultrasonic motor is also characterized in 
that It can l^e relatively easily constructed to have a so 
comparatively small axial dimension. Thus, the use 
of the two ultrasonic motors does not cause a sig- 
nificant increase in the size of the electrically oper- 
ated brake. In other words, the required size of the 
brake Including the two ultrasonic motors can be 25 
easily minimized. 

(3) An electrically operated brake according to the 
above mode (1) or (2). wherein the two electric 
motors and the planetary gear device are disposed 
coaxlally with the output shaft. 30 

(4) An electrically operated brake according to the 
above mode (3), wherein the planetary gear device 
Is disposed between the two electric motors. 

(5) An electrically operated brake according to any 
one of the above modes (1)-(4). wherein the two 35 
electric motors are connected to the sun gear and 

the ring gear, respectively, while the output shaft is 
connected to the carrier. 

In the electrically operated brake according to 
the above mode (5) of the invention, the torque of 40 
the output shaft can be easily increased. 

(6) An electrically operated brake according to any 
one of the at)ove modes' wherein the two 
electric motors are connected to the sun gear and 
the carrier, respectively, while the output shaft is 45 
connected to the 

ring gear. In the electrically operated brake 
according to the above mode (6), the operating 
speed of the output shaft connected to the ring gear 
can be easily increased or reduced, by selectively so 
operating one of the two electric motors while hold- 
ing the other electric motor in the OFF or locked 
state. That is. the operating speed of the output 
shaft is reduced by operating the electric motor 
which is connected to the sun gear while locking the 55 
other electric motor connected to the carrier, and is 
Increased by operating the electric motor con- 
nected to the carrier while locking the electric motor 



connected to the sun gear. 

(7) An electrically operated brake according to any 
one of the above modes (1)-(4). wherein the two 
electric motors are connected to the ring gear and 
the cannier, respectively, while the output shaft Is 
connected to the sun gear. 

In the electrically operated brake according to 
the above mode (7). the operating speed of the out- 
put shaft can be easily increased. 

(8) An electrically operated brake according to any 
one of the atx)ve modes (1)-(7), wherein the output 
shaft has a hole formed so as to extend in an axial 
direction thereof and open in at least one of oppo- 
site end faces thereof, and the friction member driv- 
ing device Includes (a) an output rod which Is at 
least partially inserted in the hole of the output 
shaft, so as to be axially movable relative to the out- 
put shaft, the output rod being engageable with the 
friction member, and (b) a motion converting mech- 
anism for converting a rotary motion of the output 
shaft into a linear motion of the output rod, and 
wherein the two electric motors and the planetary 
gear device are disposed coaxially with each other, 
and the output shaft extends through and coaxially^ 
with the two electric motors and the planetary gear 
device. 

In the present electrically operated brake, the 
output rod Is at least partially Inserted In the hole of 
the output shaft In the axial direction of the output 
shaft. Further, the output shaft extends through the 
two electric motors and the at least one planetary 
gear. Accordingly, the required overall axial length 
of the brake can be reduced. 

(9) An electrically operated brake according to any 
one of the ak>ove modes (1 )-(8), wherein the moving^ 
body is a vehicle having a wheel, the electrically 
operated brake further comprising a rotor rotating 
with the wheel, and wherein the friction member is 
forced against a surface of the rotor to restrict rota- 
tion of the rotor. 

(10) An electrically operated braking system com- 
prising: a brake operating member; a brake operat- 
ing amount sensor for detecting an- amount of 
operation of the brake operating member; an elec- 
trically operated brake defined in any one of the 
above mode (1)-(9); an electric power source 
device for supplying power to the two electric 
motors; and a motor control device for controlling 
an amount of power to be supplied from the electric 
power source device to each of the two electric 
motors, in response to a signal received from the 
brake operating amount sensor. 

(11) An electrically operated braking system 
according to the above mode (10). wherein the two 
electric motors of the electrically operated brake 
are two ultrasonic motors, and the two electric 
motors are connected to the sun gear and the ring 
gear, respectively, while the output shaft is con- 
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nected to the carrier, the motor control device 
including a ultrasonic motor de-activating device for 
holding one of the two ultrasonic motors which is 
connected to the ring gear. In an off state thereof, 
when a braking force for braking the moving body 5 
based on the friction force generated by the friction 
member is required to be increased to a value 
exceeding a predetermined threshold. 

In the electrically operated braking system 
according to the above mode (11) of the present 10 
invention, the carrier is used as the output member 
of the planetary gear device, and the detent torque 
of the ultrasonic nrK3tors can be utilized, so that the 
torque of the output shaft can be easily increased. 

(12) An electrically operated braking system is 
according to the above mode (10), wherein the two 
electric motors are two ultrasonic motors, and the 
two ultrasonic motors are connected to the sun 
gear and the ring gear, respectively, while the out- 
put shaft is connected to the carrier. 20 

(13) An electrically operated braking system 
according to the above mode (12). wherein the 
motor control device Includes a braking force 
increasing device which is operated when a braking 
force for braking the moving body based on the fric- 25 
tion force generated by the friction member is 
required to be increased, the braking force increas- 
ing device including at least one of means for oper- 
ating the two ultrasonic motors in a forward 
direction, and means for operating one of the two 30 
ultrasonic motors which is connected to the sun 
gear, in the forward direction, while holding the 
other ultrasonic motor connected to the ring gear in 

an OFF state. 

The term "forward direction" is interpreted to 35 
mean the direction of operation of the ultrasonic 
motor that permits an increase in the torque of the 
output shaft (corresponding to the braking force 
generated by the electrically operated brake). 

(14) An electrically operated braking system 40 
according to the above mode (12), wherein the 
motor control device Includes a braking force selec- 
tively increasing device which is operated when a 
desired value of a braking force for braking the mov- 
ing body based on the friction force generated by 45 
the friction member is required to be increased, the 
brake force selectively increasing device operating 
the two ultrasonic motors in a forward direction if 
the desired value is not larger than a predetermined 
threshold, and operating one of the two ultrasonic so 
motors which is connected to the sun gear, in the 
forward direction, while holding the other ultrasonic 
motor connected to the ring gear in an OFF state, if 
the desired value is larger than the predetermined 
threshold. ss 

In the electrically operated braking system 
according to the above mode (14), the two ultra- 
sonic motors are both operated in the forward direc- 



tion when the desired braking force is not larger 
than the threshold, so that the braking force can be 
rapidly increased. When the desired braking force 
is larger than the threshold, on the other hand, the 
ultrasonic motor connected to the ring gear Is held 
in the OFF state, so as to provide the large detect 
torque, which permits the braking force to be larger 
than the threshold. 

(15) An electrically operated braking system 
according to any one of the above modes (1 2)-(1 4). 
wherein the motor control device includes a braking 
force holding device for holding both of the two 
ultrasonic motors in an OFF state when the t>raking 
force for braking the moving body is required to tye 
maintained at a value substantially equal to a pres- 
ently established value. 

(16) An electrically operated braking system 
according to any one of the above modes (12)-(15). 
wherein the motor control device includes a braking 
force reducing device which is operated when the 
braking force for braking the moving body is 
required to be reduced, the braking force reducing 
device including at least one of means for operating 
the two ultrasonic motors in a reverse direction, 
means for operating one of the two ultrasonic 
motors which is connected to the sun gear, in the 
reverse direction while holding the other ultrasonk; 
motor connected to the ring gear In an OFF state, 
and means for operating the above-indicated other 
ultrasonic motor in the reverse direction while hold- 
ing the above-indicated one ultrasonic motor In an 
OFF state. 

The term "reverse direction" is interpreted to 
mean the direction of operation of the ultrasonic 
motor that permits a decrease in the torque of the 
output shaft (corresponding to the braking force 
generated by the electrically operated brake). 

(17) An electrically operated braking system 
according to any one of the above modes (1 2)-(1 5). 
wherein the motor control device includes a braking 
force selectively reducing device which Is operated 
when the braking force for braking the moving body 
is required to be reduced, the braking force selec- 
tively reducing device operating the two ultrasonic 
motors in a reverse direction if a required rate of 
reduction of the braking force is not lower than a 
predetermined threshold, and operating one of the 
two ultrasonic motors which is connected to the sun 
gear, in the reverse direction while holding the other 
ultrasonic motor connected to the ring gear in an 
OFF state, or alternatively operating the above-indi- 
cated other ultrasonic motor in the reverse direction 
while holding the above-indicated one ultrasonic 
motor in an OFF state, if the required rate of reduc- 
tion is lower than the predetermined threshold. 

(18) An electrically operated braking system 
according to any one of the above modes (10)-(1 7). 
wherein the electric power source device includes 
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two separate power sources provided independ- 
ently of each other lor the two electric motors, 
respectively. 

In the electrically operated braking system 
according to the above mode (18). the electrically s 
operated brake can be operated as long as at least 
one of the two separate power sources is normally 
operable. Thus, the present braking system has an 
improved level of fail-safe reliability regarding the 
failure of the electric power source device. io 

(19) An electrically operated braking system 
according to the above mode (18). wherein the 
moving body is a vehicle having a plurality of 
wheels, and the electrically operated brake is pro- 
vided for each of the plurality of wheels, and is 
includes the two electric motors as a first motor and 

a second motor, and wherein the two separate 
power sources are provided as a first power source 
and a second power source for the electrically oper- 
ated brakes for all of the plurality of wheel of the 20 
vehicle, the first power source supplying power to 
the first motors of all of the electrically operated 
brakes, while the second power source supplying 
power to the second motors of all of the electrically 
operated brakes. 25 

In the electrically operated braking system 
according to the above mode (19). the same power 
source is used for the two or more wheels and for 
one of the first and second motors of the brake for 
each of the two or more wheels. In this arrange- 30 
" ment, the required number of the separate electric 
motors for all of the wheels of the vehicle is smaller 
than in the case where the power source Is pro- 
vided for each of the two electric motors of the 
brake for each of the wheels. Further, the amounts 35 
of power consumption of the two electric motors 
can be equalized even where the individual brakes 
(e.g. . front and rear brakes) of the wheels have con- 
siderably different amounts of power consumption. 

(20) An electrically operated braking system 40 
according to the above mode (19), wherein the plu- 
rality of wheels include at least one front wheel and 

at least one rear wheel: 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

[0008] The above and optional objects, features, 
advantages and industrial and technical significance of 
this invention will be better understood by reading the 
following detailed description of presently preferred so 
embodiments of the invention, when considered in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a schematic view showing a general 
arrangement of an electrically operated braking ss 
system including electrically operated disc brakes 
constructed according to one emtKxiiment of this 
invention: 



Rg. 2 is an enlarged view schematically showing 
one of the electrically operated disc brakes of the 
braking system of Fig. 1 ; 

Rg. 3 is an enlarged side elevational view in cross 
section of the disc brake of Fig. 2; 
Fig. 4 is a flow chart illustrating a primary brake 
control routine according to a control program 
stored in a ROM of a computer of a primary elec- 
tronic control unit, for controlling the braking system 
of Fig. 1 ; 

Fig. 5 is a flow chart illustrating an auxiliary brake 
control routine according to a control program 
stored in a ROM of a computer of each of first and 
second auxiliary electronic control units, for control- 
ling each disc brake of the braking system of Fig. 1 ; 
Fig. 6 is a view indicating a relationship between a 
change in the braking force generated by each disc 
brake and the combination of the operating states 
of two ultrasonic motors provided in each disc 
brake, in the first embodiment of Fig. 1 ; 
Fig. 7 is an enlarged side elevational view in cross 
section of an electrically operated braking system 
including electrically operated disc brakes con- 
structed according to a second embodiment of this 
invention; 

Fig. 8 is a view indicating a relationship correspond- 
ing to that of Fig. 6. in the second embodiment of 
Rg. 7; 

Rg. 9 is a schematic view showing a general 
arrangement of an electrically operated braking 
system including electrically operated frortt wheel 
disc brakes and rear wheel drum brakes, according 
to a third embodiment of the present invention; 
Fig. 10 is a side elevational view partly in cross sec- 
tion of one of the rear wheel drum brakes in the 
braking system of Fig. 9; 

Fig. 11 is a side elevational view partly in cross sec- 
tion of a shoe exparxling actuator incorporated in 
the drum brake of Fig. 10; 

Fig. 12 is a schematic view showing a general 
arrangement of an electrically operated braking 
system including electrically operated disc brakes, 
according' to a fourtlrenribodimerTt of' this invention; * 

and 

Fig. 13 is a flow chart illustrating a routine for con- 
trolling a battery connecting switch, according to a 
control program stored in a ROM of a computer of a 
primary electronic control unit in the braking system 
of Rg. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] Referring first to Figs. 1-6, there will be 
described an electrically operated braking system 
including electrically operated disc brakes 30 con- 
structed according to the first embodiment of this inven- 
tion. The general arrangement of this braking system is 
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shown in Fig. 1. The braking system is constructed for 
and provided on a four-wheel automotive vehicle having 
front left and right wheels FL, FR and rear left and right 
wheels RL. RR, a drive power source in the form of an 
Internal combustion engine 10. and a power transmit- 
ting device in the form of an automatic transmission 12 
(abbreviated as "A/T' in Fig. 1 ) for transmitting an output 
of the engine 10 to at least one of the front and rear 
pairs of wheels FL, FR. RL. RR. Each of the front and 
rear wheels is provided with the electrically operated 
disc brake 30, which includes two ultrasonic motors 20, 
22 as a drive source for generating a braking force, as 
indicated in Fig. 1 . 

[0010] Reference is now made to Fig. 2. which sche- 
matically shows the construction of each disc brake 30. 
[001 1] The disc brake 30 includes a disc rotor 32 rotat- 
ing with the corresponding wheel FL. FR, RL, RR. and a 
friction pad 34 which is adapted to be forced against a 
friction surface of the disc rotor 32, for thereby restrict- 
ing the rotary motion of the disc rotor 32. that is, for 
braking the disc rotor 32. For transferring drive torques 
of the two ultrasonic motors 20, 22 to the friction pad 34. 
there are disposed a planetary gear device 40, a motion 
converting mechanism 42 in the form of a ballscrew 
mechanism 42, and a presser member 43. in the order 
of description, between the ultrasonic motors 20, 22 and 
the friction pad 34. 

[0012] As well known in the art. the planetary gear 
device 40 includes: a sun gear 44; a plurality of plane- 
tary gears 46 (only one of them being shown in Fig. 2) 
which are arranged radially outwardly of the sun gear 44 
and mesh with the sun gear 44; a carrier 48 which is 
coaxial with the sun gear 44 and supports the planetary 
gears 46 such that each planetary gear 46 is rotatable 
about its axis while the planetary gears 46 are rotatable 
about the axis of the sun gear 44 such that the planetary 
gears 46 maintain a predetermined relative position in 
the rotating direction of the sun gear; and an internal or 
ring gear 50 which is coaxial with the sun gear 44 and 
meshes with the planetary gears 46. The ring gear 50 is 
an internally toothed gear having a multiplicity of teeth 
formed on its inner circumferential surfece. The first 
ultrasonic motor 20 is connected to the sun gear 44 
while the second ultrasonic motor 22 is connected to the 
ring gear 50. The presser member 53 is connected to 
the carrier 48 through the ballscrew mechanism 42. 
Thus, the carrier 46 functions as the output member of 
the planetary gear device 40. 

[001 3] The ballscrew mechanism 42 includes an out- 
put shaft in the form of an internally threaded member 
54. and an externally threaded member 56 which 
engages the externally threaded member 54 via a plu- 
rality of balls, as well known in the art. The externally 
threaded member 56 cooperates with the presser mem- 
ber 43 to constitute an output rod which is axially mova- 
ble relative to the internally threaded member or output 
shaft 54 and which is engageable with the friction pad 
34a. The carrier 48 of the planetary gear device 40 is 



fixed to the outer circumferential surface of the internally 
threaded member 54 so that the carrier 48 and the inter- 
nally threaded member 54 are rotated as a unit. The 
internally threaded member 54 is rotatable about its axis 

5 but is not axially movable. On the other hand, the exter- 
nally threaded member 56 is axially movable but is not 
rotatable about its axis. In this arrangement, a rotary 
motion of the internally threaded member 54 is con- 
verted into a linear or axial motion of the externally 

10 threaded member 56. The presser member 43 engages 
an end portion of the externally threaded member 56 on 
the side of the friction pad 34. which end portion 
projects a small distance out of the internally threaded 
member 54 when the externally threaded member 56 is 

15 moved toward the friction pad 34. Thus, the presser 
member 43 functions to transfer a force from the exter- 
nally threaded member 56 to the friction pad 34. 
[0014] Referring next to Fig. 3. the construction of the 
disc brake 30 will be described in detail. 

20 [001 5] The disc rotor 32 has a pair of opposite friction 
surfaces 33a, 33b. The disc brake 30 includes a pair of 
friction pads 34a. 34b which are disposed so as to face 
the respective friction surfeces 33a. 33b of the disc rotor 
32. Each friction pad 34a. 34b consists of a friction 

25 member 62 for frictional contact with the corresponding 
friction surface 33a. 33b, and a tracking plate 64 fixed to 
the back surface of the friction member 62. 
[0016] The disc brake 30 further includes a pad sup- 
port mechanism 66 and a pad presser mechanism 68. 

30 [0017] The pad support mechanism 66 will be 
explained first. 

[0018] The pad support mechanism 66 Includes a 
mounting bracket 70 which is supported at its one end 
by the vehicle t)ody, so as to extend over the periphery 

35 of the disc rotor in a cantilever fashion. The mounting 
bracket 70 includes (a) a pad support portion for sup- 
porting the pair of friction pads 34a. 34b such that the 
friction pads 34a. 34b are disposed on the opposite 
sides of the disc rotor 32 and are movable In a direction 

40 intersecting the friction surfaces 33a, 33b of the disc 
rotor 32, and (b) a torque receiving portion for receiving 
torques transferred to the friction pads 34a, 34b from 
the disc rotor 32 upon frictional contact of the friction 
pads 34a, 34b with the friction surfaces 33a. 33b of the 

45 disc rotor 32. 

[0019] Then, the pad presser mechanism 68 will be 
explained. 

[0020] The pad presser mechanism 68 includes a cal- 
iper 72 having a section extending over the periphery of 

50 the disc rotor 32 and sections for forcing the friction 
pads 34a, 34b against the friction surfaces 33a, 33b of 
the disc rotor 32. The caliper 72 is supported by a pair 
of support mechanisms each including a slide pin which 
is secured to the mounting bracket 70, so as to extend 

55 in parallel with the axis of rotation of the disc rotor 32. 
The caliper 72 is slidably movable in the direction of 
extension of the slide pins of the support mechanism, 
that is. in the axial direction of the disc rotor 32. The cal- 
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iper 72 includes a pad presser portion 74 and a nnotor 
carrier portion 76. The motor carrier portion 76 has a 
motor housing 78 fixed thereto by screws. The motor 
housing 78 consists of two pieces 78a, 78b. 
[0021] The pad presser portion 74 of the caliper 72 
includes a pressing portion 84. a reaction portion 86 
and a connecting portion 88 connecting the pressing 
and reaction portions 84. 86. The pressing portion 84 is 
located inwardly of the Inner friction pad 34a which is 
located inwardly of the outer friction pad 34b. as viewed 
in the lateral or transverse direction of the vehicle. The 
pressing portion 84 accommodates the presser mem- 
ber 43 for pressing the inner friction pad 34a against the 
rotor disc 32. The reaction portion 86 is located out- 
wardly of the outer friction pad 34b as viewed in the lat- 
eral direction of the vehicle, for pressing the outer 
friction pad 34b against the disc rotor 32, with a reaction 
force which the pressing portion 84 receives from the 
inner friction pad 34a when the Inner friction pad 34a Is 
pressed by the presser member 43. The connecting 
portion 88 extends over the periphery of the disc rotor 
32, so as to connect the pressing portion 84 and the 
reaction portion 86 to each other. 
[0022] The pressing portion 84 has a through-hole 89 
behind the inner friction pad 34a and coaxialiy with the 
disc rotor 32. The presser member 43 is accommodated 
in the through-hole 89 such that the presser member 43 
Is movable In the axial direction of the disc rotor 32. The 
presser member 43 has a part-spherical surface for 
contact with the inner friction pad 34a. A sealing mem- 
ber 90 is disposed between the presser member 43 and 
the pressing portion 84 of the pad presser portion 74 of 
the caliper 72. The sealing member 90 prevents entry of 
foreign matters into the through-hole 89 formed in the 
pressing portion 84. while permitting a relative move- 
ment of the presser member 43 and the pressing por- 
tion 84- 

[0023] In the ballscrew mechanism 42, the internally 

threaded member 54 is supported by the caliper 72 and 
the motor housing 78. via a radial thrust bearing 98 and 
a radial bearing 1 00, such that the internally threaded 
member 54 is rotatable but is not axially movable. The 
piece 78b of themotor housing 78- has a rotation pre- 
vgntjnn rnembe!" 102 fixed thereto. The rotstion 'prevent- 
ing member 102 includes a cylindrical portion which 
engages the externally threaded member 56 such that 
the externally threaded member 56 is axially movable 
but is not rotatable. In the present embodiment, the rota- 
tion preventing member 102 is keyed to the externally 
threaded member 56. However, the rotation preventing 
member 102 may be splined to the externally threaded 
member 102. 

[0024] The ultrasonic motors 20. 22 and the planetary 
gear device 40 are disposed coaxialiy with the internally 
threaded member 54 such that the internally threaded 
member 54 extends through the bores of the ultrasonic 
motors 20. 22 and planetary gear device 40. The two 
ultrasonic motors 20. 22 are disposed on the axially 



opposite sides of the planetary gear device 40. The con- 
structions of the planetary gear device 40 and the ultra- 
sonic motors 20. 22 will be described in detail. 
[0025] The planetary gear device 40 Includes two 

5 cylindrical -members 104, 106 which are fitted on the 
outer circumferential surface of the internally threaded 
member 54 such that the cylindrical members 104. 106 
are rotatable but are not axially movable. The sun gear 
44 is formed integrally with the cylindrical member 104. 

10 That is, the cylindrical member 104 has teeth formed on 
its outer circumferential surface. Similarly, the ring gear 
50 is formed integrally with the cylindrical member 106. 
That is. the cylindrical member 106 has teeth formed on 
its inner circunnferential surface. Although the sun gear 

15 44 and the ring gear 50 are forrned integrally with the 
respective cylindrical members 104. 106, those gears 
44. 50 may be formed separately from the cylindrical 
members 104. 106. In this case, the gears 44. 50 are 
fixed to the respective cylindrical members 104.. 106, 

20 coaxialiy with the cylindrical members 104, 106. The 
carrier 48 is fixed to the internally threaded member 54 
such that the carrier 48 is not rotatable relative to the 
internally threaded member 54 and such that the axial 
movement of the carrier 48 is prevented by a stop memr 

25 ber 107. In this arrangement, a rotary motion of the car- 
rier 48 causes a rotary motion of the internally threaded 
member 54. A thrust bearing 108 is interposed between 
the carrier 48 and the ring gear 50 In the axial direction. 
[0026] Each of the ultrasonic motors 20. 22 Is of a 

30 travelling wave type, including a stator 1 10. a rotor 112, 
and a pressing member 1 14 (e.g., coned-disc spring). In 
operation, the stator 110 produces a surface wave upon 
application of a ultrasonic vibration thereto, and the 
rotor 1 12 is rotated with a friction force acting between 

35 the stator 1 1 0 and the rotor 1 12. The rotor 1 12 is biased 
against the stator 1 10 by the pressing member 1 14, so 
that a suitable amount of friction force acts between the 
stator 1 10 and the rotor 1 12. 

[0027] In the first ultrasonic motor 20 which is located 

40 on one axial side of the planetary gear device 40 remote 
from the disc rotor 32 (friction pads 34a. 34b), the stator 
1 10 is fixed to the piece 78b of the motor housing 78. 
The- rotor 112 is fixed* to the' cylindrical member ' 104 
such that the cyllndricBl member 104 is rotated with the 

45 rotor 112, In this arrangement, a rotary motion of the 
rotor 112 causes a rotary motion of the cylindrical mem- 
ber 104. that Is, a rotary motion of the sun gear 44 
formed integrally with the cylindrical member 104. The 
pressing member 114 is interposed between the rotor 

50 112 and a support portion 1 15 of the portion 78a of the 
motor housing 78. Described more precisely, a washer 
116 and a thrust bearing 118 are interposed between 
the support portion 115 and the pressing member 114. 
In the thus constructed first ultrasonic motor 20 located 

55 between the two pieces 78a. 78b of the motor housing 
78, the rotor 1 12 is held biased against the stator 1 10 
under a biasing force of the pressing member 1 14 such 
that the stator. 1 1 0. rotor 1 1 2 and pressing member 114 
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are rotatable as a unit. The thrust bearing 1 18 may be 
replaced by a radial bearing. 

[0Q28] The second ultrasonic motor 22 is located on 
the other axial side of the planetary gear device 40, 
namely, on the side of the disc rotor 32. In the second 
ultrasonic motor 22, the stator 11 0 is fixed to the caliper 
72, and the rotor 1 12 is fixed to the cylindrical member 
106 for rotation with the cylindrical member 106. In this 
arrangement, a rotary motion of the rotor 11 2 of the sec- 
ond ultrasonic motor 22 causes a rotary motion of the 
cylindrical member 106. namely, a rotary motion of the 
ring gear 50 formed integrally with the cylindrical mem- 
ber 106. The pressing menr^er 114 is interposed 
between the rotor 112 and the ring gear 50. Thus, the 
stator 1 10, rotor 112 and pressing member 114 of the 
second ultrasonic motor 22, and the carrier 46 and the 
ring gear 50 of the planetary gear device 40 are inter- 
posed between the caliper 72 and the stop member 
107. together with the thrust bearing 108 disposed 
between the carrier 48 and the ring gear 50. 
[0029] As shown in Fig. 1 , the four disc brakes 30 are 
provided with respective braking force sensors 120, 
each of which is adapted to detect a force by which the 
externally threaded member 56 presses the presser 
member 43 onto the inner friction pad 34a. The 
detected force is used as a quantity relating to the brak- 
ing force which is applied from the disc brake 30 to the 
corresponding wheel FL. FR. RL. RR. As shown in Fig. 
3, the presser member 43 has a cylindrical portion 
which axially slidably engages a hole formed in the cor- 
responding end portion of the externally threaded mem- 
ber 56. The braking force sensor 120 is accommodated 
in a bottom portion of the hole of the externally threaded 
member 56, so that an axial force is transferred from the 
externally threaded member 56 to the presser member 
43 through the braking force sensor 120. In Fig. 3, refer- 
ence numeral 121 denotes a rubber sealing member. 
[0030] The present braking system has a brake oper- 
ating member in the form of a brake pedal 122, as 
shown in Fig. 1. TTie brake pedal 122 is linked to a 
stroke rendering device 124, which is arranged to per- 
mit the brake pedal 122 to be depressed by an amount 
corresponding to an operating force which acts on the 
brake pedal 122. In the presence of the stroke rendering 
device 124, the operator of the brake pedal 122 can be 
given substantially the same brake operating feel as 
given by a brake pedal in a hydraulically operated brak- 
ing system wherein a disc brake for each wheel is oper- 
ated by a hydraulic pressure corresponding to the 
operating force acting on the brake pedal. The stroke 
rendering device 124 includes: a housing: a link mem- 
ber which is connected to the brake pedal 122 and sup- 
ported by the housing such that the link member is 
movable upon operation of the brake pedal 122; and an 
elastic member which is interposed between the hous- 
ing and the link member, so as to permit a movement of 
the link member and give the link member a reaction 
force which changes with the operating stroke or force 



of the brake pedal 1 22. 

[0031] While the mechanical arrangement of the 
present electrically operated braking system has been 
described above, the electrical arrangement of the 

5 same will be described. 

[0032] As shown in Fig. 1 , the braking system is pro- 
vided with a primary electronic control unit (abbreviated 
as "primary ECU" in Fig. 1) 130. Like other electronk: 
control units which will be described, the primary elec- 

10 tronic control unit 130 is constituted principally by a 
computer incorporating a central processing unit (CPU), 
a read-only memory (ROM) and a random-access 
memory (RAM). The primary electronic control unit 130 
is powered by a primary battery 131 . 

15 [0033] To the primary electronic control unit 1 30, there 
are electrically connected four wheel speed sensors 
132 for the respective four wheels FL, FR. RL. RR, as 
well as the four braking force sensor 120 for the respec- 
tive four wheels. Each wheel speed sensor 132 is 

20 adapted to detect the peripheral speed of the corre- 
sponding wheel. Also connected to the primary elec- 
tronic control unit 130 is a brake operation sensor in the 
form of a brake pedal switch 134, which is turned ON 
when the brake pedal 122 is operated or depressed, 

25 and is OFF when the brake pedal 122 is placed in its 
non-operated position. To the control unit 130. there are 
also connected two brake operating force sensors 136 
(only one of them being shown in Fig. 1) for detecting 
the operating force acting on the brake pedal 122. The 

30 two brake operating force sensors 136 are provided so 
that in the event of some failure of one of these two'sen- 
sors 136, the other sensor 136 is normally operable to 
detect the brake operating force. The braking system is 
provided with an abnormality monitoring electronic con- 

35 trol unit (abbreviated as "abnormality monitoring ECU" 
in Fig. 1) 138 for diagnosing the electrical system of 
each disc brake 30 for any abnormality This abnormal- 
ity monitoring electronic control unit 138 is also con- 
nected to the primary electronic control unit 130, and is 

40 adapted to activate a warning device 140 upon detec- 
tion of any abnormality, to inform the operator of the 
vehicle of this fact. The warning device 140 may be a 
buzzer, an indicator light or any other device. 
[0034] The first ultrasonic motors 20 of the four disc 

45 brakes 30 are connected to the primary electronic con- 
trol unit 130 through a first auxiliary electronic control 
unit (abbreviated as "first auxiliary ECU" in Fig. 1) and a 
first driver 1 52, while the second ultrasonic motors 22 of 
the four disc brakes 30 are connected to the control unit 

50 130 through a second auxiliary electronic control unit 
(abbreviated as "second auxiliary ECU" in Fig. 1) and a 
second driver 1 54. The first driver 152 is connected to a 
first auxiliary battery 158. and controls an amount of 
power to be supplied to each of the four first ultrasonic 

55 motors 20. based on control signals received from the 
first auxiliary electronic control unit 150. Similarly, the 
second driver 156 is connected to a second auxiliary 
battery 1 60, and controls an amount of power to be sup- 
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plied to each of the four second ultrasonic motors 22, 
based on control signals received from the second aux- 
iliary electronic control unit 154. Thus, the set of four 
first ultrasonic motors 20 and the set of four second 
ultrasonic motors 22 are controlled independently of 5 
each other, by the respective first and second auxiliary 
electronic control units 150, 154 through the respective 
first and second drivers 152, 156. which are connected 
to the respective first and second auxiliary batteries 
158. 160. It is noted that the primary electronic control w 
unit 130 Is assigned to control also the engine 10 and 
the automatic transmission 12 through respective auxil- 
iary control devices. The two auxiliary batteries 158. 
160 constitute an electric power source device for sup- 
ply power to the two ultrasonic motors 20, 22. 15 
[0035] The ROM of the primary electronic control unit 
130 stores a control program for executing a primary 
brake control routine illustrated in the flow chart of Fig. 
4. This primary brake control routine is repeatedly exe- 
cuted. Each cycle of execution of the primary brake con- 20 
trol routine is initiated with step S1 to determine whether 
the brake pedal switch 134 is placed in its ON state, that 
is, whether the brake pedal 122 has been depressed. If 
a negative decision (NO) is obtained in step SI , one 
cycle of execution of the routine is terminated. If an 25 
affirmative decision (YES) is obtained in step SI . the 
control flow goes to steps S2-S4. 
[0036] In step S2. an operating force Fp acting on the 
brake pedal 122 is detected by the operatirtg force sen- 
sor 136. Step S2 is followed by step S3 in which a 30 
desired braking force F* for each wheel is calculated on 
the basis of the detected brake pedal operating force 
Fp.. The desired braking force F* for each wheel is cal- 
culated by taking account of various factors, such as an 
optimum distribution of the braking force to the front and 35 
rear wheels. Then, the control flow goes to step S4 in 
which control signals indicative of the calculated desired 
braking force F* are applied to the first and second aux- 
iliary electronic control units 150, 154. Thus, one cycle 
of execution of the primary brake control routine of Fig. 40 
4 is completed. 

[0037] The ROM of each auxiliary electronic control 
unit 150, 154 stores a control* program 1or executing' an- 
auxiliary brake control routine illustrated in the flow 
chart of Fig. 5. While this auxiliary brake control routine 45 
will be described, the principle of control of the first and 
second ultrasonic motors 20, 22 will be first explained 
by reference to the table of Fig, 6. 
[0038] The planetary gear device 40 has a relation- 
ship represented by the following equation: so 

T,yz, = T3/Z3 

wherein. 

55 

2^: number of teeth of the sun gear 44; 
Zp number of teeth of the ring gear 50; 
Tgi torque of the sun gear 44; and 



T^: torque of the ring gear 50. 

[0039] The above equation can be converted into the 
following equation: 

T, = (Z^3).T3 

[0040] This equation can be converted into the follow- 
ing equation: 

Tr = (1/X)-T3 

wherein X represents a ratio S^/Z^ of the number 
of teeth of the sun gear 44 to the number of teeth of the 
ring gear 50. 

[0041] Since the gear ratio X is usually smaller than 
one. the ring gear 50 is required to produce a torque 
larger than that produced by the sun gear 44. On the 
other hand, each ultrasonic motor 20, 22 placed in an 
OFF state is capable of producing a detent torque which 
is larger than its maximum drive torque Tj^ax- 
instance, a maximum value Tr^a^- of the detent torque is 
about twice the maximum drive torque T^^x When the 
torque of the ring gear 50 required to produce a desired . 
braking force for the corresponding wheel is not larger 
than the maximum drive torque T^^ax. the desired brak- 
ing force can be produced by activating both of the first 
and second ultrasonic motors 20. 22. When the torque 
of the ring gear 50 required to reduce the desired brak- 
ing force is larger than the maximum drive torque Tmay 
of each ultrasonic motor 20. 22, it is required to hold the 
second ultrasonic motor 22 In the OFF state for gener- 
ating the detent torque and activate the first ultrasonic 
motor 20. 

[0042] In view of the above fact, the first and second, 
ultrasonic motors 20. 22 are controlled in the following 
manner in the present embodiment: 

(1)WhereO^T3^ X-T^ 

[0043] In this case, the torque to be produced by the 
second ultrasonic motor 33 whose rotor 112 is con- 
nected' tothering* gear 50 is not larger than the maxi-^ 

mum drive toraue T Thfirefnrft thft first and Renond 

ultrasonic motors 20. 22 are activated so that the carrier 
58 produces the desired torque Tg. which is represented 
by the following equation: 

T^ = (1 + 1/X)-T3 ^(1 + ia).>..T^3^ 

[0044] In the present case, the two ultrasonic motors 
20. 22 are both operated in the forward direction, so that 
the carrier 48 is rotated at a higher speed than in the 
case where only the first ultrasonic motor 20 is rotated. 

{2)?^-T^^ <T3 ^ ^-T^,. 

[0045] In this case, the second ultrasonic motor 22 



9 



•NSDOClD <6P 0S16867A2 I .> 



17 EP 0 916 867 A2 



whose rotor 112 is connected to the ring gear 50 is 
required to produce a torque larger than the maximum 
drive torque Tmax- Therefore, the second ultrasonic 
motor 22 is held OFF to produce the detent torque Tmax* 
while the first ultrasonic motor whose rotor 1 12 is con- 5 
nected to the sun gear 44 is activated, so that the carrier 
48 produces the desired torque T^. which is represented 
by the following equation: 

= (1 + VX) • T3 ^ (1 + VX) • X • T^3^. 70 

[0046] In the present case in which only the sun gear 
44 Is rotated while the ring gear 40 is held stationary, the 
caTler 48 is rotated at a speed represented by the 
following equation: is 

N^ = U/(?^ + 1)}.N3 

wherein represents the rotating speed of the 
sun gear 44. 

[0047] It is noted that while the second ultrasonic 
motor 22 is OFF. the ring gear 50 is not always held sta- 
tionary, but may be rotated at a low speed. 
[0048] When the disc brake 30 is required to increase 
the actual braking force for the corresponding wheel, 
the two ultrasonic motors 20. 22 are both operated in 
the fonward direction, if the desired braking force F"" to 
be achieved is not larger than a threshold value f If the 
desired braking force F* is larger than the threshoki fn. 
however, only the first ultrasonic motor 20 whose rotor 
112 is connected to the sun gear 44 is operated in the 
fonvard direction while the second ultrasonic motor 22 
whose rotor 112 is connected to the ring gear 50 is held 
in the OFF state. 

[0049] When the disc brake 30 is required to maintain 
the present braking force for the corresponding wheel, 
the two ultrasonic motors 20. 22 are both held in the 
OFF state. 

[0050] When the disc brake 30 is required to reduce 
the actual braking force for the corresponding wheel, 
the two ultrasonic motors 20, 22 are both operated in 
the reverse direction, if It is required to rapidly reduce 
the braking force. However, only the first' ultrasonic 
motor 20 is operated in the reverse direction while the 
second ultrasonic motor 22 is held in the OFF state, if it 
is required to slowly reduce the braking force. 
[0051] Then, the auxiliary brake control routine of Fig. 
5 for controlling each of the disc brakes 30 will be 
described in detail by reference to the flow chart of Fig. 
5. 

[0052] This auxiliary brake control routine of Fig. 5 is 
also repeatedly executed. Each cycle of execution of 
this routine is Initiated with step S1 1 in which the first or 
second auxiliary electronic control unit 150. 154 
receives from the primary electronic control unit 130 the 
control signal indicative of the calculated desired brak- 
ing force F*. Then, step Si 2 is implemented to deter- 
mine whether the desired braking force F"^ is equal to or 



larger than zero and is equal to or smaller than an upper 
limit f max. that is. determine whether the desired braking 
force F* is in a normal range. If a negative decision (NO) 
is obtained in step 812, one cycle of execution of the 
routine of Fig. 5 is immediately terminated. If an affirm- 
ative decision (YES) is obtained in step S12. that is. if 
the calculated desired braking force F* is in the normal 
range, the control flow goes to step SI 3. 
[0053] In step 813, the actual braking force f is 
detected by the braking force sensor 120 for each 
wheel. Step 813 is followed by step Si 4 to determine 
whether the desired braking force F* is larger than the 
detected actual braking force f, that is. to determine 
whether it is required to control the ultrasonic motors 20, 
22 so as to increase the actual braking force f to the 
desired value F*. If an affirmative decision (YES) is 
obtained in step S14. the control flow goes to step 815 
to determine whether the detected actual braking force 
f is equal to or larger than zero and is equal to or snfialler 
than the threshold value fp. If an affirmative decision 
(YES) is obtained in step SI 5, the control flow goes to 
step 816 in which the first and second ultrasonic motors 
20, 22 are both activated in the forward direction. Thus, 
one cyde of execution of the routine is completed. 
[0054] if a negative decision (NO) is obtained in step 
SI 5. the control flow goes to st^ SI 7 in which the first 
ultrasonic motor 20 is activated in the forward direction 
while the second ultrasonic motor 22 is hekJ in the OFF 
state. Thus, one cyde of execution of the routine is com- 
pleted. 

[0055] Where the desired braking pressure F* is not 
larger than the detected actual braking force f, a nega- 
tive decision (NO) is obtained in step S14, and the con- 
trol flow goes to step 818 to determine whether the 
desired braking force F* is substantially equal to the 
actual value f. If an affirmative decision (YES) is 
ok}tained in step 818. the control flow goes to step 819 
in which the first and second ultrasonic motors 20. 22 
are both held in the OFF state. Thus, one cycle of exe- 
cution of the routine is completed. 
[0056] If a negative decision (NO) is obtained in step 
818. that is, if the actual braking force f is required to be 
reduced to the desired braking force F*. the control flow 
goes to step 820 to determine whether an amount of 
decrease of the desired braking force F* is equal to or 
larger than a threshold AfK- The amount of decrease of 
the desired braking force F'^ is equal to the desired brak- 
ing force F* (p.^j in the last control cycle minus the 
desired braking force F*(n) the present control cycle. It 
will be understood that step 820 is provided to deter- 
mine whether the actual braking force f is required to be 
rapidly reduced or decreased. If an affirmative decision 
(YES) is obtained in step 820, the control flow goes to 
step 821 in which the first and second ultrasonic motors 
20. 22 are tK>th activated in the reverse direction. Thus, 
one cycle of execution of the routine is completed. If a 
negative decision (NO) is obtained in step 820. that is, 
if the actual braking force f is required to be slowly 



25 



30 



35 



40 



45 



50 



10 



<EP 0916867A2 L> 



19 



EP 0 916 867 A2 



decreased, the control flow goes to step S22 in which 
the first ultrasonic motor 20 is activated in the reverse 
direction while the second ultrasonic motor is held in the 
OFF state. Thus, one cycle of execution of the routine is 
completed. 

[0057] In the present braking system, the vehicle can 
be braked by utilizing the detent torque of the second 
ultrasonic motor 22 whose rotor 1 1 2 is connected to the 
ring gear 50. so that the disc brake 30 for each wheel is 
capable of producing a larger braking force than in the 
case where the detent torque of an ultrasonic motor is 
not utilized. 

[0058] When the actual braking force f is not larger 
than the threshold fp, that is, when the actual braking 
force f is relatively small, the braking force can be 
increased by activating both of the two ultrasonic motors 
20, 22 in the forward direction. In this case, the braking 
force can be increased at a higher rate than in the case 
where only one of the two ultrasonic motors 20. 22 is 
activated. 

[0059] The present braking system including the two 
ultrasonic motors 20, 22 for each disc brake 30 is 
advantageous in that in the even of one of the ultrasonic 
motors 20. 22 during operation of the disc brake 30. the 
operated disc brake 30 can be restored to the non-oper- 
ated state by operation of the other ultrasonic motor. 
[0080] Further, since the two ultrasonic motors 20, 22 
for each disc brake 30 are energized by the respective 
mutually independent first and second auxiliary batter- 
ies 158. 160, the disc brake 30 can be operated as long 
as at least one of the ultrasonic motors 20, 22 is normal. 
[0081] Since each of the two auxiliary batteries 158, 
160 is used for the disc brakes 30 for the front and rear 
wheels, there does not arise a considerable difference 
between the amounts of power consumption of the two 
auxiliary batteries 158, 160. Where one of the two bat- 
teries 158. 160 is used for the disc brakes 30 for the 
front wheels while the other battery Is used for the disc 
brakes 30 for the rear wheels, the amounts of power 
consumption of the two batteries may be considerably 
different from each other. 

[0062] It will be urKjerstood from the above description 
of the first embodiment of this Invention- that the exter- 
nally threaded member 56. the ballscrew mechanism 42 
and the presser member 43 cooperate with each other 
to constitute a friction member driving device for driving 
the friction member in the form of the friction pads 34a, 
34b, and that each of the operating force sensors 136 
functions as a brake operating amount sensor for 
detecting the operating amount of the brake pedal 122. 
It will also be understood that the first and second auxil- 
iary batteries 158, 160 functioning as separate power 
sources cooperate with each other to constitute the 
electric power source device for energizing the two elec- 
tric motors 20. 22. 

[0063] It will further be understood that the primary 
electronic control unit 130 and the first and second aux* 
iliary electronic control units 150. 154 cooperate with 



each other to constitute a motor control device for con- 
trolling the ultrasonic motors 20, 22. It will also be 
understood that portions of the first and second auxil- 
iary electronic control units 150, 154 assigned to imple- 

5 merit steps SI 5 and SI 7 constitute a ultrasonic motor 
de-activating device for holding the second ultrasonic 
motor 22 in the OFF state when the desired braking 
force F' is larger than the predetermined threshold fp. It 
will also be understood that portions of the electronic 

10 control units 1 50, 1 54 assigned to Implement steps 814, 
816 and 817 constitute a braking force increasing 
device for operating the two ultrasonic motors 20, 22 in 
the forward directions, or operating the first ultrasonic 
motor 20 in the forward direction while holding the sec- 

15 ond ultrasonic motor 22 In the OFF state, when It Is nec- 
essary to increase the actual braking force f. It will 
further be understood that portions of the electronic 
control units 150. 154 assigned to implement steps 
S14-S17 constitute a braking force selectively increas- 

20 ing device for operating the two ultrasonic motors 20. 22 
in the forward direction when the desired braking force 
F* is not larger than the threshold fp. and operating the 
first ultrasonic motor 20 in the forward direction while 
holding the second ultrasonic motor 22 in the OFF state 

25 when the desired braking force F* Is larger than .the 
threshold fp. It will also be understood that portions of 
tiie electronic control units 150. 154 assigned to imple- 
ment steps S21 . S22 constitute a braking force reducing 
device for reducing the braking force. It will further be 

30 understood that portions of the electronic control units 
150, 154 assigned to implement steps S20-S22 consti- 
tute a braking force selectively reducing device for oper- 
ating the two ultrasonic motors 20, 22 in the reverse 
direction when a required rate of reduction of the brak- 
es ing force is not lower than the predetermined threshold 
Af|^, and operating the first ultrasonic motor 20 in the 
reverse direction while holding the second ultrasonic 
motor 22 in the OFF state when the desired rate of 
reduction is lower than the threshold. 

40 [0064] Referring next to Figs. 7 and 8, there will be 
described a second embodiment of this invention, which 
is different from the first emtxxiiment only in that a disc 
brake 168 for each wheel Includes two ultrasonic motors 
170. 172 which are disposed on the same side of a 

45 planetary gear device 1 74 and in that the ring gear 50 
functions as an output member of the planetary gear 
device 174. The same reference numerals as used in 
the first embodiment will be used in this second embod- 
iment, to identify the corresponding elements, and only 

50 the planetary gear device 1 74 and the related aspects 
of the disc brake 168 will be described. 
[0065] In the disc brake 1 68, the two ultrasonic motors 
170, 162 are both disposed on one of opposite axial 
sides of the planetary gear device 1 74. which is remote 

55 from the disc rotor 32 (pair of friction pads 34a. 34b). 
[0066] The planetary gear device 1 74 includes a cylin- 
drical member 176 fitted on the internally threaded 
member 54 such that the cylindrical mender 176 Is 
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rotatable relative to the internally threaded member 54. 
The sun gear 44 is formed integrally and coaxially with 
the cylindrical member 176. A cylindrical member 178 is 
fitted on the outer circumferential surface of the cylindri- 
cal member 1 76 such that the cylindrical member 1 78 is 
rotatable relative to the cylindrical member 176. The 
piece 78a of the motor housing 78 has a sleeve 179 
serving as a plain or sliding bearing in which the cylin- 
drical member 1 78 is rotatably supported with its outer 
circumferential surface held in sliding contact with the 
inner circumferential surface of the plain bearing 179. 
The carrier 48 is formed integrally and coaxially with the 
cylindrical member 1 78. The ring gear 50 is fixed to the 
internally threaded member 54 such that the ring gear 
50 is rotatable with the internally threaded member 54. 
That Is. the ring gear 50 is the output member of the 
planetary gear device 174. 

[0067] In the first ultrasonic motor 170 which is nnore 
remote from the planetary gear device 1 74 than the sec- 
ond ultrasonic motor 172, the stator 1 10 is fixed to the 
piece 78b of the motor housing 78. The rotor 112 is 
fixed to the cylindrical member 1 76 for rotation there- 
with. In this arrangement, a rotary motion of the rotor 
112 causes a rotary motion of the cylindrical member 
1 76. and a rotary motion of the sun gear 44. The press- 
ing member 114 is interposed between the rotor 112 
and a stop mender (e.g.. E-ring) fixed to the cylindrical 
member 176. Thus, the rotor 112 of the first ultrasonic 
motor 170 is biased by the pressing member 114, 
between the piece 78b of the motor housing 78 and the 
stop member 180. 

[0068] In the second ultrasonic motor 172 which is 
nearer to the planetary gear device 174 than the first 
ultrasonic motor 1 70. the stator 1 1 0 is fixed to a support 
portion 182 of the piece 78a of the motor housing 78. 
The rotor 112 is fixed to the cylindrical member 178 
such that the rotor 112 is rotatable with the cylindrical 
member 178. In this arrangement, a rotary motion o the 
rotor 1 1 2 causes a rotary motion of the cylindrical mem- 
ber 178. and a rotary motion of the carrier 48. The 
pressing member 1 14 Is interposed between the rotor 
112 and a stop member 184 fixed to the cylindrical 
member 178. Thus, the rotor 112 of the second ultra- 
sonic motor 1 72 is biased by the pressing member 114. 
between the support portion 182 and the stop member 
184. 

[0069] The principle of control of the ultrasonic motors 
1 70. 712 will be first explained by reference to the table 
of Fig. 8. 

[0070] When the disc brake 168 is required to 
increase the actual braking force for the corresponding 
wheel, the first ultrasonic motor 170 whose rotor 1 12 is 
connected to the sun gear 44 Is operated in the reverse 
direction while the second ultrasonic motor 172 whose 
rotor 112 is connected to the carrier 48 is operated in 
the fonward direction, if the desired braking force F* to 
be achieved is not larger than the threshold value fn- If 
the desired braking force F"^ is larger than the threshold 



fp, however, only the first ultrasonic motor 1 70 is oper- 
ated in the reverse direction while the second ultrasonic 
motor 172 is held in the OFF state. 
[0071] When the disc brake 168 is required to main> 
5 tain the present braking force for the corresponding 
wheel, the two ultrasonic motors 170. 172 are both held 
in the OFF state. 

[0072] When the disc brake 1 68 Is required to reduce 
the actual braking force for the corresponding wheel. 

10 the first ultrasonic motor 170 whose rotor 112 is con- 
nected to the sun gear 44 is operated in the forward 
direction while the second ultrasonic motor 172 whose 
rotor 1 12 is connected to the carrier 48 is operated in 
the reverse direction, if It Is required to rapidly reduce 

15 the braking force. If it is required to slowly reduce the 
braking force, however, only the first ultrasonic motor 
1 70 is operated in the forward direction while the sec- 
ond ultrasonic motor 1 72 is held in the OFF state. 
[0073] Referring to Figs. 9-11. there will be described 

20 a third embodiment of the present invention, which is 
different from the first embodiment only in that drum 
brakes 198 rather than the disc brakes 30 are used for 
the rear wheels RL. RR. The same reference numerals 
as used in the first embodiment will be used in this third 

25 embodiment, to identify the corresponding elements, 
and only the drum brakes 1 98 and the related aspect of 
the braking system will be described. 
[0074] In the present enrti^odiment. each of the rear 
wheels RL, RR is provided with an electrically operated 

30 drum brake 198 each incorporating an electric motor 
251 , as generally indicated in Fig. 9. 
[0075] As shown in detail in Fig. 10. the drum brake 
198 includes a stationary member In the form of a sub- 
stantially circular backing plate 200 fixed to the vehicle 

35 body, and a drum 204 which has an inner circumferen- 
tial friction surface 202 and which rotates with the rear 
wheel RL. RR. The backing plate 200 has an anchor 
merrtoer in the form of an anchor pin 206 fixed to a rela- 
tively radially outer portion thereof at a given circumfer- 

40 ential position thereof. At another circumferential 
position of the backing plate 200 which is diametrically 
opposite to the circumferential position at which the 
anchor pin 206 Is fixed, there is disposed a connecting 
link in the form of an adjuster 208 of a floating type not 

45 directly fixed to the backing plate 200. A pair of friction 
members in the form of a pair of brake shoes 210a, 
210b are disposed between and so as to connect the 
anchor pin 206 and the adjuster 208, such that the 
brake shoes 210a, 210b face the inner friction surface 

50 202 of the drum 204. Each of the brake shoes 210a, 
210b has an arcuate shape. The brake shoes 210a. 
210b are fixed by respective hold-down devices 212a, 
212b to the backing plate 200 such that the brake shoes 
210a. 210b are movable in a plane parallel to the back- 

55 ing plate 200. The backing plate 200 has a central open- 
ing through which a rear axle shaft extends so as to be 
rotatable. 

[0076] Each of the brake shoes 21 Oa. 2 1 0b Is opera- 
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tively connected at one end thereof to the correspond- 
ing end portion of the adjustor 208, and Is held at the 
other end in abutting contact with the anchor pin 206, so 
that the shoe 210a. 210b is pivotable about the anchor 
pin 206. An adjuster spring 214 is connected to the end 5 
portions of the brake shoes 210a. 210b operatively con- 
nected to the adjuster 208, so that the end portions are 
biased by the adjuster spring 214 toward each other. 
Return springs 215a, 215b are connected to the other 
end portions of the brake shoes 210a. 210b. respec- w 
tively. so that these end portions are biased by the 
return spring 215a, 215b toward the anchor pin 206. 
The arcuate brake shoes 2 10a, 210b have respective 
arcuate brake linings 216a, 216b held at their outer sur- 
faces such that the brake linings 216a, 216b face the 15 
inner circumferential friction surface 202 of the drum 
204. With frictional contact of these brake linings 216a, 
216b with the inner circumferential friction surface 202, 
there arise friction forces between the brake linings 
21 6a. 21 6b and the drum 204. 20 
[0077] Each brake shoe 210a, 210b consists of a rim 
220 and a web 222. A lever 230 is pivotably connected 
at one end thereof to a lever support mernber in the 
form of a pin 232 fixed to the web 222 of the brake shoe 
21 Oa. The lever 230 and the web 222 of the other brake 25 
shoe 210b' have respective cutouts which engage 
respective opposite ends of a strut 236 which serves as 
a power transmitting member. The strut 236 has a 
screw mechanism which can be manually operated to 
adjust the length of the strut 236. 30 
[0078] The present electrically operated drum brake 
198 is activated by pivotal movement of the lever 230 
about the pin 232 at its one end when a parking brake 
operating member in the form of a parking brake pedal 
238 shown in Fig. 9 is operated, as well as when the 3S 
brake pedal 122 is operated. To this end, not only a pri- 
mary brake cable 240) but also a parking brake cable 
242 are connected to the other end of the lever 230, as 
shown In Fig. 10. A Each of these brake cables 240. 242 
consists of a strand of a plurality of wires, and is accord- 40 
ingly flexible. A compression coil spring 244 is con- 
nected at its one end to the above-Indicated other end 
of the lever 230 arxd at the other end to the backing plate 
200. as in the conventiona! hydraullGally operated brak- 
ing system. The spring 244 extends coaxially with the 45 
parking brake cable 242. 

[0079] The primary brake cable 240 is connected to a 
shoe expanding actuator 250 attached to the backing 
plate 200. As shown in enlargement in Fig. 11. the shoe 
expanding actuator 250 includes the electric motor 251 . so 
a speed reducer 252 whose input shaft is connected to 
the output shaft of the electric motor 251 . and a motion 
converting mechanism in the form of a k>allscrew mech- 
anism 254 whose input member is connected to an out- 
put shaft of the speed reducer 252. The end of the 55 
primary brake cable 240 renrx^te from the lever 230 is 
connected to an output member of the ballscrew mech- 
anism 254. The electric motor 251 may be a ultrasonic 




motor constructed similarly to the ultrasonic motor 20, 
22 used In the disc brake 30, or any other type of motor 
such as a DC motor A rotary motion of the electric 
motor 251 is converted by the ballscrew mechanism 
254 into a linear movement of the primary brake cable 
240. In Rg. 1 1 . reference numerals 256 and 258 denote 
brackets, while reference numerals 260. 262 denote 
mounting screws for mounting the brackets 256. 258 to 
the backing plate 200. 

[0080] The ballscrew mechanism 254 Includes an 
externally threaded member 264 serving as the input 
member, a nut 266 serving as the output. member, and 
a plurality of balls through which the externally threaded 
member 264 and the nut 266 engage each other. The 
nut 266 engages a stationary housing 267 such that the 
nut 266 is not rotatable and is axially movable relative to 
the housing 267. A rotary motion of the externally 
threaded member 264 is converted into a linear or axial 
motion of the nut 266. The nut 266 has an output shaft 
268 fixed to its one end remote from the externally 
threaded member 264, such that the output shaft 268 is 
coaxial with the nut 266. The externally threaded mem- 
ber 264, nut 266 and output shaft 268 are protected 
against exposure of their engaging portions to dust or 
other foreign matters, by the housing 267 and an^elastic 
dust boot 270. 

[0081] The primary brake cable 240 is connected to 
the output shaft 268 through a cattle fixing screw in the 
form of an externally threaded member 272 and a cable 
f ixing nut 274. The externally threaded member 272 is 
formed so as to extend from the end of the output shaft 
268 remote from the ballscrew mechanism 254, while 
the nut 274 engages the externally threaded member 
272 and is connected to the primary brake cable 240. A 
lock nut 276 is screwed on the externally threaded 
member 272 such that the lock nut 276 is forced against 
the cable fixing nut 274, so as to lock the nut 274, 
namely, so as to prevent loosening of the nut 274. 
[0082] The shoe expanding actuator 250 constructed 
as descritjed above is operated in one direction to pull 
the primary brake cable 240 upon operation of the brake 
pedal 122. so that the lever 230 is pivoted about the pin 
232 such that the end' portion of the lever 230 to which 
the primary brake cable 24Q is connected is moved 
toward the brake shoe 210b. As a result, the two brake 
shoes 210a. 210b are moved away from each other 
other. 

[0083] After the shoe expanding actuator 250 is oper- 
ated in the reverse direction and returned to its initial 
non-operated position, the brake shoes 210a. 210b are 
nnoved toward each other by a shoe contracting mecha- 
nism in the form of a primary brake return spring 280. 
against a self-servo effect. The primary brake return 
spring 280 is a compression coil spring which is con- 
nected at Its one end to the lever 230 and at the other 
end to a stationary portion (e.g., housing or bracket) of 
the actuator 250. The compression coil spring 280 is 
disposed coaxially with the primary brake cable 240. 
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Upon releasing of the brake pedal 1 22. the actuator 250 
is returned to Its initial position, and the lever 230 is piv- 
oted to be returned to its initial non-operated position 
under the biasing force of the primary brake return 
spring 280. 5 
[0084] As shown in Fig. 9, the parking brake cable 242 
Is connected, at its end remote from the lever 230, to a 
parking control 284. which is mechanically operated by 
the parking brake pedal 238 so as to pull the parking 
brake cable 242 for pivoting the lever 230 in the shoe io 
expanding direction for moving the two brake shoes 
2 1 0a, 2 1 0b away from each other, 
[0085] When the brake pedal 122 Is operated, the 
shoe expanding actuator 250 is operated to pull the pri- 
mary brake cable 240 for pivoting the lever 230 In the is 
above-indicated shoe expanding direction, as shown in 
Fig. 10. In this case, the parking brake cable 242 
becomes stack. When the parking brake pedal 238 is 
operated, the parking control 284 is operated to pull the 
parking brake cable 242 for pivoting the lever 230 also in 20 
the shoe expanding direction. In this case, the primary 
brake cable 240 becomes slack. Since the two brake 
cables 240. 242 which are both connected to the lever 
230 and pulled at different times are flexible, the opera- 
tion of one of these brake cables is not influenced or dis- 
turbed by the other brake cable. 
[0086] It will be understood from the above explana- 
tion of the present third enftoodiment that each of the 
drum brakes 198 for the rear left and right wheels RL. 
RR uses only one electric motor 251, contrary to the 
disc brake 30 used for each rear wheel RL. RR in the 
first embodiment. The third embodiment Is further differ- 
ent from the first embodiment in that a first driver 290 
connected to the first battery 158 is connected to the 
electric motor 251 of the drum brake 198 for the rear left 
wheel RL and the first ultrasonic motors 20 of the disc 
brakes 30 for the front left and right wheels FL, FR. 
while a second driver 292 connected to the second bat- 
tery 160 is connected to the electric motor 251 of the 
drum brake 1 98 for the rear right wheel RR and the sec- 
ond ultrasonic motors 22 of the disc brakes 30 for the 
front left and right wheels FL. FR. 
[0087] A fourth embodiment of the present invention 
will then be described by reference to Figs. 12 and 13. 
This fourth embodiment is different from the first 
enr^odiment only in the provision of a battery connect- 
ing switch 320 connected to the first and second auxil- 
iary batteries 158, 160. The same reference numerals 
as used in the first embodiment will be used in the fourth 
embodiment to identify the corresponding elements, 
arKi only the battery connecting switch 320 and the 
related aspect of the braking system will be desalbed. 
[0088] The battery connecting switch 320 has a con- 
necting state for connecting the first and second auxil- 
iary batteries 158. 160 through a relay, and a 
disconnecting state for disconnecting the two auxiliary 
batteries 1 58, 160. The battery connecting switch 320 is 
normally placed in the disconnecting state, and is 



brought to the connecting state as needed, in response 
to a control signal received from the primary electronic 
control unit 130. The ROM of the primary electronic 
control unit 130 stores a control program for executing a 
routine illustrated In theffow chart of Fig. 13, for control- 
ling the battery connecting switch 320. 
[0089] The routine of Fig. 13 is also repeatedly exe- 
cuted. Each cycle of execution of the routine is Initiated 
with step S31 to determine whether one of the two aux- 
iliary batteries 158, 160 Is defective, for example, 
whether the voltage of one of the two auxiliary batteries 
158. 160 Is lower than a predetermined lower limit. If a 
negative decision (NO) Is obtained in step S31 . that Is. 
if the two auxiliary batteries 158, 160 are both normal, 
the control flow goes to step S32 In which the primary 
electronic control unit 1 30 commands the battery con- 
necting switch 320 to be held In the disconnecting state. 
Thus, one cycle of ececution of the routine Is termi- 
nated. If either one of the two auxiliary batteries 158. 
160 is found defective, that is, if an affirmative decision 
(YES) is obtained in step S31 , the control flow goes to 
st^ S33 In which the primary electronic control unit 130 
commands the battery connecting switch 130 to be 
brought to the connecting state. Thus, one cycle of exe- 
cution of the routine is terminated. 
[0090] If the two auxiliary batteries 1 58. 1 60 were not 
connected to each other while one of these batteries is 
defective, only the two ultrasonic motors 20. 22 of each 
disc brake 30 which is normal would be operated. In the 
present fourth embodiment, however, the two batteries 
158. 160 are connected to each other by the battery 
connecting switch 320 while one of these two batteries 
is defective, so that both of the two ultrasonic motors 20. 
22 of each disc brake 30 are operated by an electric 
energy supplied thereto from the normally functioning 
battery 1 58, 1 60. Accordingly, the disc brake 30 is capa- 
ble of producing a sufficiently large braking force even In 
the even of failure of one of the two auxiliary batteries 
158. 160. 

[0091] While the several presently preferred embodi- 
ments of this Invention have been described atK)ve in 
detail by reference to the acconrpanying drawings. It is 
to be understood that the Invention Is not limited to the 
details of the illustrated embodiments, but may be 
embodied with various changes, modifications and 
improvements, which may occur to those skilled in the 
art, without departing from the spirit and scope of the 
following claims: 

[0092] Electrically operated braking brake for braking 
a moving body with a friction force. Including (a) a fric- 
tion member (34) for braking the moving body, (b) two 
electric motors (20, 22; 170. 172), (c) a planetary gear 
device (40. 174) having a sun gear (44). at least one 
planetary gear (46) meshing with the sun gear, a carrier 
(48) rotatably supporting the planetary gear, and a ring 
gear (50) meshing with the planetary gear, the two elec- 
tric motors being connected to respective two members 
selected from among three members consisting of the 
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sun gear, the carrier and the ring gear, (d) an output 
shaft (54) connected to and rotated by one of the three 
members other than the above-indicated two members, 
and (e) a friction member driving device (42, 43, 56) 
operable by rotation of the output shaft, to move the fric- 5 
tion mennber. 

Claims 

1 . An electrically operated brake for braking a moving 10 
body with a friction force, comprising: 

a friction member (34) for braking the moving 
body: 

two electric motors (20, 22; 170, 172); is 
a planetary gear device (40, 174) including a 
sun gear (44). at least one planetary gear (46) 
meshing with said sun gear, a carrier (48) rotat- 
ably supporting said at least one planetary 
gear, and a ring gear (50) meshing with said at 20 
least one planetary gear, said two electric 
motors being connected to respective two 
members selected from among three members 
consisting of said sun gear, said carrier and 
said ring gear; 25 
an output shaft (54) connected to and rotated 
by one of said three members other than said 
two members; and 

a friction member driving device (42, 43, 56) 
operable by rotation of said output shaft, to 30 
move said friction member. 

2. An electrically operated brake according to claim 1 , 
wherein both of said two electric motors are ultra- 
sonic motors (20. 22, 1 70, 1 72). 35 

3. An electrically operated brake according to claim 1 
or 2, wherein said two electric motors and said 
planetary gear device are disposed coaxially with 
said output shaft. 40 

4. An electrically operated brake according to claim 3. 
wherein said planetary gear device is disposed 
between said two electric motors. 

45 

5. An electrically operated brake according to any one 
of claims 1 -4, wherein said two electric motors (20. 
22) are connected to said sun gear (44) and said 
ring gear (50). respectively, while said output shaft 
(54) is connected to said carrier (48). so 

6. An electrically operated brake according to any one 
of claims 1-4. wherein said two electric motors 
(170. 172) are connected to said sun gear (44) and 
said carrier (48). respectively, while said output ss 
shaft (54) is connected to said ring gear (50). 

7. An electrically operated brake according to any one 



of claims 1 -4, wherein said two electric motors are 
connected to said ring gear and said carrier, 
respectively, while said output shaft is connected to 
said sun gear. 

8. An electrically operated brake according to any one 
of claims 1 -7. wherein said output shaft (54) has a 
hole formed so as to extend in an axial direction 
thereof and open in at least one of opposite end 
faces thereof, and said friction member driving 
device includes (a) an output rod (43, 56) which is 
at least partially inserted in said hole of said output 
shaft, so as to be axially movable relative to said 
output shaft, said output rod being engageable with 
said friction member (34a). and (b) a motion con- 
verting mechanism (42) for converting a rotary 
motion of said output shaft into a linear motion of 
said output rod. and wherein said two electric 
motors and sajd planetary gear device are dis- 
posed coaxially with each other, and said output 
shaft extends through and coaxially with said two 
electric motors and said planetary gear device. 

9. An electrically operated brake according to any one 

of claims 1 >8. wherein said moving body is a vehicle > 
having a wheel (FL. FR, RL. RR), said electrically 
operated brake further comprising a rotor (32) rotat- 
ing with said wheel, and wherein said friction mem- v 
ber is forced against a surface of said rotor to 
restrict rotation off said rotor. 

1 0. An electrically operated braking system comprising: iS: 

a brake operating member ( 1 22) ; : ^ 

a brake operating amount sensor (336) for 
detecting an amount of operation of said brake 
operating member; 

an electrically operated brake (30, 168) defined 
in any one of claims 1 -9; 
an electric power source device (158, 160) for 
supplying power to said two electric motors 
(20, 22. 170. 172); and 

a motor control device (130, 1 50, 1 54) for con- 
trolling an amount of power to be supplied from 
said electric power source device to each of 
said two electric motors, in response to a signal 
received from said brake operating amount 
sensor. 

11. An electrically operated braking system according 
to claim 10. wherein said two electric motors of said 
electrically operated brake are two ultrasonic 
motors (20, 22; 170. 172). and said two electric 
motors (20. 22) are connected to said sun gear (44) 
and said ring gear (50). respectively, while said out- 
put shaft (54) is connected to said carrier (48). said 
motor control device including a ultrasonic motor 
de-activating device (150, 154, S15. Si 7) for hold- 
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ing one of said two ultrasonic motors which is con- 
nected to said ring gear, in an OFF state thereof, 
when a braking force (f) for braking said moving 
body based on said friction force generated by said 
friction member (34) is required to be increased to 
a value exceeding a predetermined threshold (f^). 

12. An electrically operated braking system according 
to claim 10. wherein said two electric motors are 
two ultrasonic motors (20. 22; 170, 172), and said 
two ultrasonic motors (20, 22) are connected to 
said .sun gpar (44) and said ringge3r (50). respec- 
tively, while said output shaft (54) Is connected to 
said carrier (48). 

13. An electrically operated braking system according 
to claim 12, wherein said motor control device 
includes a braking force Increasing device (150. 
154. SI 5. Si 6. S17) which is operated when a 
braking force (f) for braking said moving body 
based on said friction force generated by said fric- 
tion member (34) is required to be increased, said 
k>raking force Increasing device Including at least 
one of means for operating said two ultrasonic 
motors in a fonA/ard direction, and means for operat- 
ing one of said two ultrasonic motors which is con- 
nected to said sun gear (44). in the forward 
direction, while holding the other ultrasonic motor 
connected to said ring gear (50) In an OFF state. 

14. An electrically operated braking system according 
to claim 12. wherein said motor control device 
includes a braking force selectively increasing 
device (150. 154, S14-S17) which is operated when 
a desired value (F*) of a braking force (f) for braking 
said moving body based on said friction force gen- 
erated by said friction member (34) is required to be 
increased, said brake force selectively increasing 
device operating said two ultrasonic motors in a for- 
ward direction if said desired value is not larger 
than a predetermined threshold (fn), and operating 
one of said two ultrasonic motors which is con- 
nected to said sun gear, in the forward direction, 
while holding the other ultrasonic motor connected 
to said ring gear in an OFF state, if said desired 
value is larger than said predetermined threshold. 

15. An electrically operated braking system according 
to any one of claims 12-14, wherein said motor con- 
trol device includes a braking force holding device 
(150. 154. S18, S19) for hoWing both of said two 
ultrasonic motors in an OFF state when the braking 
force for braking said moving body is required to be 
maintained at a value substantially equal to a pres- 
ently established value. 

16. An electrically operated braking system according 
to any one of claims 12-15. wherein said motor con- 



trol device includes a braking force reducing device 
(150, 154, S21, S22) which Is operated when the 
braking force for braking said moving body is 
required to be reduced, said braking force reducing 

5 device including at least one of means for operating 
said two ultrasonic motors (20, 22) in a reverse 
direction, means for operating one of said two ultra- 
sonic motors which is connected to said sun gear 
(44), in the reverse direction while holding the other 

10 ultrasonic motor connected to said ring gear In an 
OFF state, and means for operating said other 
ultrasonic motor in the reverse direction while hold- 
ing said one ultrasonic motor In an OFF state. 

15 17. An electrically operated braking system according 
to any one of claims 1 2-1 5. wherein said motor con- 
trol device Includes a braking force selectively 
reducing device (150, 154, S20-S22) which Is oper- 
ated when the braking force for braking said moving 

20 body is required to be reduced, said braking force 
selectively reducing device operating said two ultra- 
sonic motors (20. 22) in a reverse direction if a 
required rate off reduction of said braking force is 
not lower than a predetermined threshold (Af^), arKi 

25 operating one of said two ultrasonic motors which is 
connected to said sun gear, in the reverse direction 
while holding the other ultrasonic motor connected 
to said ring gear in an OFF state, or alternatively 
operating said other ultrasonic motor in the reverse 

30 direction while holding said one ultrasonic motor in 
an OFF state, if said required rate of reduction Is 
tower than said predetermined threshold. 

18. An electrically operated braking system according 
35 to any one of claims 10-17. wherein said electric 

power source device includes two separate power 
sources (158. 160) provided independently of each 
other for said two electric motors (20. 22; 1 70. 172). 
respectively. 

40 

19. An electrically operated braking system according 
to claim 18. wherein said moving body Is a vehicle 
having a plurality of wheels (FL. FR. RL. RR). and 
said electrically operated brake (30, 168) is pro- 

45 vided for each of said plurality of wheels, and 
includes said two electric motors as a first motor 
and a second motor, and wherein said two separate 
power sources are provided as a first power source 
and a second power source for the electrically oper- 

50 ated brakes for all of said plurality of wheel of the 
vehicle, said first power source supplying power to 
the first motors of all of said electrically operated 
brakes, while said second power source supplying 
power to the second motors of all of said electrically 

55 operated brakes. 

20. An electrically operated braking system according 
to daim 1 9, wherein said plurality of wheels include 
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at least one front wheel (FL, FR) and at least one 
rear wheel (RL, RR). 
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